06 s3dPeKTUBHbIX 3HAYEHUAX
KO3pPULMEHTa pacnpocTpaHeHns
BAO/b MPU3EMHbIX U3NyYaTeENEN
INKMB amnanasoHa



JleficTByiomasg JmiHa /> TIPI3EMHOII CHMMETPIYHOI aHTEHHBI (C UIHOK TUleua L 2)

2L,
L, = 1/Ig J 2 1(x)dx.

ric x — KOoopdiHaTa BJI0Jb OCIH H3JIVHUATCILI, lo — AMIIIOITYIa TOKa B TOYUKC INNTAaHILA.

MOZKET OBITH IIPCACTAaBJICHA KAK:

PacripegeneHiie Toka BAONb MPI3EMHOII CHMMETPIMHOII AHTEHHBI MOJKET OBITH IIPEICTaBICHO
sinf/P(2Lyx)]
Torga kox(pguunieHT yerureHd (KY) G2 npirzeMHOIT aHTEHHBI OVIET BBIPAKEH KakK :

Kak: [(x)=¢™ , THe o u [ — Ko(PULEHTBI 3aTyXaHd 1 (pa3bl COOTBETCTBEHHO.

.1 2 EF T I!E 2 TI¢ 4 — JUIIHA BOJHEL, /7> — BOJIHOBOE

(_" C-Ol‘[pOTIIBJI@HIIe AdHTCHHBI.
T 2 — "

w, \ A

L=W>-cth(yLy)  y=a+if



N3BectHbI [3,4,5] cooTHOIIEHUS, CBA3bIBatoIKe 3P dekruBHoe 3HaueHue KJII1
HECUMMETPUYHON JIMHUHU (TI0JI0CKA WJIM IIPOBOJ HAJl CJIOEM JIMAJICKTPHUKA Ha
IPOBOASALIEN TUIOCKOCTH) U €€ TEOMETPUH. B CYIITHOCTH €4 VTSI TOHKUX IPOBOJIOB
COCTaBJISIET cpeHIO Benmmunny Mexay KJII Bo3ayxa, paBHeM 1, u €.

Eost = (Ef; D, (Ef; 1){[1 +12(h/w)] 7% + 0.041[1 - (w/h))’)

h - BeICOTA CJ10sI TMAJISKTPHKA, W - IIUPUHA IMOJ0CKH [S5]. OueBHIHO, IPUBEICHHBIC
COOOpakeHMs JJIs1 NJIMHHBIX IMOJIOCKOBBIX JTUHUN HEIb3s MOJHOCTHIO IEPEHECTH Ha

CJly4au MPU3EMHOM TUIOJILHON AHTEHHBI.
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Ky (2k4d) . 11 (2R4d)
Eeff= 1 + in (2d/a) [{2;";?.;11!]2 2kad + im 4k.d

—i (S S )

d — BeICOTa IMOABEMA JTUITOILHOM aHTCHHBI, K4 —BOITHOBOE YHCIIO B cpejie (II0YBa);
a — paguyc nposoaa; K, |, — mogudunuposanssie pyHkuuu beccens BTOporo u nepBoro poja.

[Ipu BBIYMCIIEHHHM COMIACHO [2] mapaMeTpOB U30JIUPOBAHHOTO JUIIOJIS
(BuOparopa) ObLIO MCIIOIb30BAaHO MPHUOMMKEHNE OCCKOHEYHO TOHKOM
M30JIAIINN: a,—8; a TAKXKE YCTPEMJICHHUE TITyOMHBI TIOTpYKeHUs h K HyIto
(h—0) g npuOIMKeHM K MOJACIIH IIPU3EMHOI0 BUOpaTopa, a He

IIOI'PYKCHHOI'O B ITOYBY. r 0
JTK 0

I+ oW

7

£o(t) X

H
&
Q

l
2a ,

A




\ /100. 'Colveman B. Pacnpoctpanenue anéKTpomarHuTHb:x BO3MylLe-
HHH BILOMb TOHKOTO MpOBOJA B TOPH3OHTANBLHO-CJAOHCTON cpejle

Phil. Mag., 1950, T\_rr 41, ser. 7, Mart, p. 276—288. P
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FTRFBF b soan 19 - v w

ToyHoCTE NPHBEAEHHOrO COOTHOIIEHHS TEM Bbille, YeM
MEHblle paguyc npopoja. B mauem ciayyae -

ki+k2 ks
"'“]/'22"‘1?’:?’ (V.5.2)

NOCKOLKY O6GHUHO k3> K.

roe k1 — BoNHOBOE YNCA0 B BO3AYLLIHOM MOAYNPOCTPaHCTBe, a k2 — B
noyse. [NOCTOSAAHHYIO pacnpPoOCTPaHEHMA BbIOMPAOT KaK cpeaHee U
[0CTaTO4YHO ban3Koe K k2.



HN3mepennoe

PacueTHoE

Hertounnk 3HAYCHHUE EqprUEPE3 € SHAMeHIIe & | SHAUSHIIE Cut
[IpenBapurensHbIe
AHATIOTHH C c+1 10.5
II0JIOCKOBOM JTHHMEN 2 ’
[3.4.5]
2
6] £+1 14.1
2 1,5...2.0
[2] € 20
2 1 K, (2kd)
1+ a2k )
] In (2d/a) L(2kd) 2kd 1015

k=27 2/}, d — BBICOTA HaX 3eMieii
a —paanyc IPOBOJIA.
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eps=2.3*f7(-0.135)
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Measured

400  meme—— Thin-wire MoM -
Resistance - RWG MoM
o] / R

Impedance (Chms)
o &

Aook )\ : "'-.ﬁ\"“" T
Reactance
..Em-.
'\:!'m 1 1 1 L 1 1 1 1 1
0 0.5 1 15 2 25 3 as 4 4.5 5
Frequency (Hz) x 10°

(b)

300 : r : Fig. 3. Input impedance of the wire bow-tie antenna in Fig. 1. The ground
=4 o=0.004 S/m which is the dry sand, 1s modeled with =, = 2.5 and » = 0.004 5 /1. The
_ _ | antenna elevation 1s (a) 5 cm and (b) 1 cm.
250} ====== £=16 0=0.03S/m

............ = 25 o=0.06 S/m
——— = 50 =02S/m
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«Numerical and Experimental Analysis
of Circular-End

p : | Wire Bow-Tie Antennas Over a Lossy
Resistance T Ground»

reactance | Andrian Andaya Lestari, Alexander G.
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of Yarovoy, Member, IEEE, and Leo P.
5 Ligthart, Fellow, IEEE VOL. 52, NO. 1,
JANUARY 2004
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—1ewFE (x) = I k* |-G(x,x")-J(x"dx'
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«Impedance calculations for horizontal wire antennas above lossy
earth» R.C. Babu ; Journal of elerctromagnetic waves and
applications , Vol. 11, 1567-1591, 1997.

+h
/ L(z)g(z, 2" }dx' = idnweaVES(z) |
—h

g(z,z') = go(z,2") — gi(z,2") + gs(z,2"),

82 eikz?‘j
gU(T ‘T) — (dm k.’!) ry ?

32 Etkgrg
Qi(:ﬂamf) (3$2 k?) ro

g9s(z, z') = ik3 f m( 3 N [ Jo(Ap) — Ja(Ap) cos 2]
o \ ki + k3v

+

7 [Jo(Ap) + J2(Ap) cos 2(;!7]) 1224} ).



A. 3ommepdenba «/luddepeHimanbabie ypaBHEHHS B YaCTHBIX MPOU3BOIHBIX
bU3UK»
M. 1950 u3a. MHOCTpaHHOU TUTEPATYPHI

MPEJCTABICHUE YePe3 PA3I0KEHUS M0 HWIMHAPUISCKUM (DYHKITUSIM

oo
. AdA
£+ 1— IIEPB %ID ?‘)6 b {2 1) — ’
nE _ w 3) P

Hgrop, = S F () I, (\r) e (z+R) .,
k3zeny = nk 0

g = g FaO) I, 00r) e85 ¥ vy — 22— k3
]



«Electromagnetic wave propagation along a thin wireover an arbitrary isotropic interface»
Stanislav B. Glybovski, Valeri P. Akimov, V. Zalipaev
Proceedings of the International Conference DAYS on DIFFRACTION 2015, pp. 112-117

IMepBEH4 ETOPHY

E] = a,” exp(jfi2) +a," exp(—jfSi2), Ei — E;’TM - E;,_’O = 0.
Ej =a, exp(jfaz),
3eM.

rpaHI/I‘—IHBIe YCJIO0BUA BIOJIb 3C€MJIN rpaHI/I‘IHBIe YCJIOBUA BIOJIb U3JT1yHaATCIISA

Tox | (X)

+oo
/ I(z")P(0,2")dz" =0




exp(—jkl \/-'r2 + (z — 1:")2)

Gy =

—1';fr\/r (& —a')?
+oo /
| > kyd(x — )]
GT™ (1, 2') = / T () DL f.
= (I 7 L ) D f (('5) —l'ﬂ'd(b{, L ;LJ) (5

+o00 . /
o, 0, |1+ jkrd(x —2")] o
Go(r,x') = —/D o(€) Y p— exp|—jkyd(x — z")] d§

d(z — ") = /(x — 2')2 + (2h — j§)?
FIME) ~ —6.,(&) + 2k Z, exp(—k1€Zy),
FU(E) ~ 2k1 ZiJexp(—k1£Zs) — exp(—k1&/Zy)]

Zs = \/J1/€



I[(z") = Iy exp(—jwz').

—+oo

I(z")P(0, 2" )dx'

0

Employing small-argument asymptotic formulas for
Hankel functions, which correspond to a quasi-
static approximation, one finally obtains

JZs
=k 1- 2
N \/ khln 22

which is the same formula as first mentioned by
Carson in 1926. It can be checked that real values
of material parameters result in a negative imagi-
nary part of a propagation constant and, therefore,
in attenuation. This is explained by radiation for
arbitrary h < A; (a single wire in a non-conductive
environment).

For a conductive material of the lower half-space
one can introduce a complex effective permittivity

WE g

gs =41 — ﬂ) where o is the conductivity and
£4 is the dielectric constant of the ground. In this
case (30) gives both attenuation and deceleration of
the quasi-TEM wave traveling along the wire over
the ground.
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